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A thorough understanding of ion dynamics in solids, which is a vital topic in modern materials
and energy research, requires the investigation of diﬀusion properties on a preferably large
dynamic range by complementary techniques. Here, a polycrystalline sample of Li2TiO3 was used
as a model substance to study Li motion by both 7Li spin-alignment echo (SAE) nuclear magnetic
resonance (NMR) and ac-conductivity measurements. Although the two methods do probe Li
dynamics in quite diﬀerent ways, good agreement was found so that the Li diﬀusion parameters,
such as jump rates and the activation energy, could be precisely determined over a dynamic range
of approximately eleven decades. For example, Li solid-state diﬀusion coeﬃcients Ds deduced
from impedance spectroscopy range from 1023 m2 s1 to 1012 m2 s1 (240–835 K). These
values are in perfect agreement with the coeﬃcients DSAE deduced from SAE NMR spectroscopy.
As an example, DSAE = 2  1017 m2 s1 at 433 K and the corresponding activation energy
determined by NMR amounts to 0.77(2) eV (400–600 K). At room temperature Ds takes a value
of 3  1021 m2 s1.
1 Introduction
The microscopic study of ion hopping processes in crystalline
materials is a key research area in the ﬁeld of solid state ionics.
In particular, the investigation of lithium ion dynamics in materials
being relevant for energy storage systems such as rechargeable
lithium-ion batteries is currently of utmost interest.1–6 A compre-
hensive understanding of ion dynamics requires studying transport
parameters over wide scales in space and time, i.e., by the use of
complementary techniques being sensitive to ion motions on
diﬀerent length scales.7,8 Prior to the application of (newly
established) sophisticated techniques to study dynamics in
complex, application-oriented materials, from a fundamental
point of view it is highly useful to begin with the investigation
of suitable model substances. This enables the evaluation of
experimental ﬁndings with respect to the well-deﬁned structural
properties of model compounds. It helps develop a readily
comprehensible and coherent interpretation which can later be
used to understand the results obtained from non-model systems.
In the present paper, monoclinic (phase pure) Li2TiO3
served as such a model substance to study Li ion dynamics
by both 7Li spin-alignment echo (SAE) NMR and impedance
spectroscopy (IS). The two methods, when taken together, are
sensitive to Li motions in a dynamic range covering many
decades. While IS has been used to determine Li transport
parameters since many decades,9–11 SAE NMR spectroscopy
has been applied to Li ion conductors just in the last ten
years.8,12–28 Originally, the method was developed by Spiess and
co-workers to gather both dynamic and geometric information on
the translational and rotational processes of deuterons.29–33 As we
have pointed out quite recently, when applied to Li ion conductors,
SAE NMR is sensitive to slow, long-range Li diﬀusion processes
although the corresponding jump rates are probed from an
atomic-scale point of view.8,28 Hence, results extracted from
variable-temperature stimulated echoes are predisposed to be
compared with dc-conductivity values reﬂecting the charge
carrier transport through successful ion jump processes occurring
on approximately the millisecond time scale.
The (monoclinic) b-modiﬁcation of Li2TiO3, reported to be
isostructural to Li2SnO3,
34 is one of the three known polymorphs of
Li2TiO3.
35,36 Besides its potential use as an additive in lithium-ion
batteries,37,38 b-Li2TiO3 is discussed to serve as a blanket material
for tritium breeding in deuterium–tritium fusion reactors.39–43
While the layer-structured b-form reversibly transforms into
a cubic g-modiﬁcation at temperatures higher than approximately
1425 K,44 the third modiﬁcation, viz an NaCl-type thermo-
dynamically metastable a-phase with cubic symmetry, undergoes
a phase transformation into the b-polymorph at T > 575 K.45
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Li conductivity in b-Li2TiO3 is reported to be extremely low.
46
At 573 K the dc conductivity sdc amounts to approximately
3  106 S cm1;47 the corresponding activation energies Ea,s
range from 0.6 to 1.1 eV depending on the stoichiometry of the
samples studied.46,48 Hence, in the temperature range from
300 to 500 K, Li jump rates ranging from 1 s1 to 104 s1 are
expected. These values match the dynamic window in which
SAE NMR is sensitive enabling a direct comparison of the
results obtained from the two methods.
Quite recently, Li dynamics in b-Li2TiO3 have been investigated
by both molecular dynamics simulations and 7Li SAE NMR.49
However, the NMRmeasurements carried out seem to be aﬀected
by a rather large non-diﬀusive background contribution which, in
many cases, make it very diﬃcult to directly extract Li jump rates
and, thus, an activation energy. Vijayakumar et al.49 reported
an activation energy probed by stimulated echo NMR which
is lower compared to the values46 commonly deduced from
dc-conductivity measurements on b-Li2TiO3. In the present
study, we will carefully compare the recently presented results49
with our own ﬁndings on a sample which has been prepared
from a highly pure melt of Li2TiO3.
2 Experimental details
Phase pure b-Li2TiO3 was obtained by crystallizing the corre-
sponding melt in a Pt crucible at room temperature yielding
a polycrystalline sample which was characterized by X-ray
powder diﬀraction (XRD). Sharp XRD peaks indicate mean
crystallite sizes with diameters in the mm range. For the
subsequent temperature-dependent NMR measurements the
sample was ﬁre-sealed in a quartz ampoule (5 mm to 8 mm in
outer diameter, 3.5 cm to 4.5 cm in length) under vacuum.
Prior to the conductivity measurements the powder samples
were uniaxially cold-pressed at 1 GPa to cylindrical pellets
which were 8 mm in diameter and approximately 1 mm in
thickness. Electrodes were applied to the non-sintered pellets
by Au evaporation. For the measurements carried out at
higher temperatures Pt electrodes have been used.
2.1 NMR measurements
7Li NMR measurements were carried out using a modiﬁed MSL
100 spectrometer (equipped with aKalmus 400W ampliﬁer) as well
as an MSL 400 (Bruker) spectrometer. While the MSL 100 is
connected to a ﬁeld-variable Oxford cryomagnet with a nominal
ﬁeld of 4.8 T, the MSL 400 NMR spectrometer is used in
combination with a 9.4 T magnet. The corresponding 7Li NMR
resonance frequencies were 77.7MHz and 155.5MHz, respectively.
Depending on the temperature range, commercial probes and
home-built (high-temperature) probes were used to record 7Li
NMR spin–lattice relaxation (SLR) rates50 as well as 7Li NMR
spin-alignment echoes.16,23,51,52 The temperature in the sample
chamber was monitored using a Ni–CrNi-thermocouple in connec-
tion with an Oxford intelligent temperature controller (ITC 4). Low
temperatures were achieved by a stream of freshly evaporated air.
The high-temperature probe is equipped with a biﬁlar heating coil.
7Li SLRNMR rates weremeasured with the saturation recovery
technique. A comb of closely spaced 901 pulses destroys the
longitudinal magnetization; subsequently, its recovery is probed
as a function of delay time with a single (901) detection pulse.53
7Li NMR spin-alignment echoes were monitored by means
of the Jeener–Broekaert pulse sequence16,54,55 901X  tp 
451Y  tm  451d  tacqu. The 901 pulse length was 3 ms. The
preparation time tp has to be chosen as short as possible,
12,56,57
here tp = 10 ms to suppress dipolar contributions to the
quadrupolar spin-alignment echo. The mixing time tm was
varied from 10 ms to 10 s. A 32-fold phase cycling55 was used
to pick out the desired coherence pathway. Up to 128 scans
were used to sample NMR spin-alignment echoes as a function
of mixing time but with constant preparation time. The recycle
delay between each scan was at least 5T1. The ﬁnal temperature-
dependent two-time correlation functions were obtained by
plotting the echo intensity S2 as a function of tm in a semi-
logarithmic representation.
2.2 Impedance spectroscopy
Impedance spectroscopy measurements on cold-pressed poly-
crystalline samples with Au electrodes (see above) were carried
out with an HP 4192 A analyzer as well as a Novocontrol
Concept 80 broadband dielectric spectrometer. The HP
impedance analyzer, working at frequencies from 5 Hz to
13 MHz, is connected to a home-built cell which allows
measurements under inert gas atmosphere, here dry nitrogen
gas (99.999%). The temperature in the cell was adjusted and
monitored with a Eurotherm controller. The Concept 80
impedance analyzer is equipped with a BDS 1200 cell and an
Alpha analyzer which is capable of measuring conductances
down to 1014 S at frequencies ranging from a few mHz to
20MHz. Temperature regulation and control within an accuracy
of about 0.5 K was carried out with a Quatro cryosystem
(Novocontrol) using freshly evaporated nitrogen.
3 Results and discussion
Li diﬀusion in polycrystalline b-Li2TiO3 was investigated by
both temperature-variable 7Li SAE NMR spectroscopy
(165–500 K) and ac-conductivity measurements (240–835 K).
The structure reﬁnement by Kataoka et al.58 envisaged Li2TiO3
as a distorted rocksalt structure with alternating Li and LiT2
(111) planes described with the C2/c space group (see Fig. 1).
Regarding C2/c symmetry all of the Li cations reside in
octahedral sites in b-Li2TiO3.
34 While the two magnetically
inequivalent positions 8f and 4d in the pure Li-layer are fully
occupied by lithium cations (Li(1) and Li(2)), Ti and the
residual Li ions, Li(3), share the 4e position in the LiTi2 layers
being characterized by two crystallographically inequivalent
titanium sites Ti(1) and Ti(2). Each LiTi2 plane can be described
as a honeycomb structure with six Ti ions creating a hexagon
centered on a Li ion. Finally, a complex stacking sequence of
the LiTi2 layers results in a glide plane and the C2/c space
group.59 At higher temperatures (>970 K) diﬀerent (more
simple) stacking sequences of the LiTi2 planes are reported
60
leading to short-range regimes crystallizing, besides C2/c, with
the space groups C2/m and P3112 showing three (2b, 2c, 4h)
and four (3b, 3a) inequivalent Li positions, respectively.59 Note,
if Ti and Li are randomly distributed among the positions
within a LiTi2 layer, the number of electrically inequivalent
Li sites is additionally increased. Hence, irrespective of the
actual symmetry of b-Li2TiO3, the oxide provides distinct
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magnetically, and thus electrically, inequivalent Li sites
characterized by individual (site-speciﬁc) NMR resonance
frequencies. During Li diﬀusion the associated temporal
changes in the corresponding NMR (quadrupole) frequencies,
oQ, the ions experience can be used to directly record Li jump
rates at diﬀerent temperatures by 7Li SAE NMR.
3.1 7Li SAE NMR spectroscopy
The site-speciﬁc quadruple frequencies oQ,i are determined by
the orientation of the external magnetic ﬁeld with respect to
the quadrupole coupling tensor. The tensor quantiﬁes the
interaction of the quadrupole moment of the 7Li nucleus
(spin-quantum number I = 3/2) with a non-vanishing, site-
dependent electric ﬁeld gradient. Hopping of the Li ions
between electrically distinct positions renders oQ time-dependent
which allows the acquisition of a (two-time) motional correlation
function reﬂecting the changes in oQ,i as a function of
observation (or mixing) time tm. This (single-spin) correlation
function, which is given by the NMR spin-alignment
echo height S2 vs. tm, contains the information about the
probability of ﬁnding a spin, which was exposed to oQ at
t0 = 0, in the same state, i.e., exposed to the same quadrupole
frequency, at a later time t0 = tm.
16–19,23,25,52,56,57
In many cases S2, which is here given by
S2ðtp; tmÞ ¼ 9
20
hsin½oQðtm ¼ 0Þtpsin½oQðtmÞtpi ð1Þ
follows a stretched exponential from which the decay rate
tSAE
1 = f(T), being in the ideal case very similar to the
(mean) Li jump rate t1, can easily be determined by appropriate
parameterizing with the Kohlrausch–Williams–Watts (KWW)
function.61,62
S2(tp,tm)p exp((tm/tSAE)ge) (2)
The so-called ‘sin–sin’ correlation function S2 was recorded
16
by utilizing the Jeener–Broekaert sequence54 mentioned
above. The short evolution period determined by tp { t is
followed by the mixing period ranging from tm = 10 ms to
tm = 10 s. Here, taking into account receiver dead time eﬀects
and those related to mistimed echo generation,63 the echo
maximum shows up at t0 = tp + 8 ms. In the present case, echo
intensities were always read out at t = t0.
In Fig. 2(A) and (B) the so obtained Li decay rates tSAE
1
and the corresponding 7Li SAE NMR two-time correlation
functions S2(tp = 10 ms,tm,t = tp) of b-Li2TiO3 are shown.
The ﬁrst are shown in Fig. 2(A) in an Arrhenius plot together
Fig. 1 Crystal structure of b-Li2TiO3. Each crystallographically inequiva-
lent Li site i, either located within (Li(3)) or between (Li(1), Li(2)) the LiT2
layers is characterized by a speciﬁc quadrupole frequency oQ,i. While
hopping from site to site a Li ion experiences a series of diﬀerent electric
ﬁeld gradients; the associated ﬂuctuations of the quadrupole frequencies per
unit of time can be used to estimate the Li jump rate. Depending on the
stacking sequence of the LiTi2 layers up to four crystallographically, and
thus electrically, inequivalent Li sites do exist. Additionally, the random
distribution of Li and Ti cations within the layers is anticipated to lead to
various magnetically inequivalent Li sites.
Fig. 2 (A) Arrhenius plot of tSAE
1 obtained from analyzing the 7Li SAE NMR two-time correlation functions S2(tp = 10 ms,tm,t = tp) of
b-Li2TiO3. (B) The S2 curves were parameterized by stretched exponentials (cf. eqn (2)) containing tSAE
1 and ge.
7Li NMR SLR rates (T1
1) are
shown as well for comparison with the SAE NMR decay rates. For the sake of brevity, the curves recorded at T > 293 K are not included. The
echo amplitudes S2 shown as a function of mixing time tm are scaled such that they range from 1 to 0. See text for further explanation.
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with the independently measured 7Li NMR SLR rates T1
1.
For comparison with the temperature dependence of tSAE, the
stretching exponents ge = f(T) are also included. Fits according
to eqn (2) are shown as dashed and solid lines in Fig. 2(B).
As expected the echo decay curves in Fig. 2(B) shift to
shorter mixing times with increasing temperature indicating
the inﬂuence of Li diﬀusion on echo damping. As can be seen
in Fig. 2(A) the temperature dependence of tSAE
1 can be
subdivided into three regimes: I, II, and III. At low temperatures
(To 250 K, regime I) the decay rates are almost independent
of T (grey circles in Fig. 2(A)). Most likely, tSAE
1 reﬂects the
inﬂuence of spin-diﬀusion and/or spin–lattice relaxation on
echo decay. In this regime the exact temperature dependence
of the rates can be well represented by a power law,
tSAE1 ¼ t0e1 / Ta, which resembles that of the corresponding
T1
1 rates (see dashed lines in Fig. 2(A)). Here, below 250 K
the rates T1
1 are given by T11  1=8 t0e1.
With increasing temperature, S2 is increasingly inﬂuenced
by Li diﬀusion resulting in a signiﬁcant temperature dependence
of tSAE
1 (regime II). In order to take into account the inﬂuence
of the background contribution in this transition regime, the
low-T rates t0e
1 have been extrapolated to higher temperatures
and subtracted from the measured tSAE
1 data (see full circles
in Fig. 2(A)). In regime II (365 K> T> 265 K) tSAE
1 follows
an Arrhenius law, tSAE
1 = t0,SAE
1 exp(Ea,SAE/(kBT)), with
an activation energy of Ea,SAE = 0.47(2) eV (kB denotes
Boltzmann’s constant).
At even higher temperatures (T > 370 K, regime III) the
inﬂuence of t0e
1 on tSAE becomes negligible and the SAE
NMR decay rate is solely induced by Li diﬀusion. The
corresponding activation energy Ea,SAE is increased from
0.47(2) eV to 0.77(2) eV. The pre-exponential factor t0,SAE
1
turned out to be in the order of 1012 s1. Most likely, the
diﬀusion process showing up in regime III reﬂects hopping of
the Li ions between all crystallographic sites available, i.e.,
jump processes between the sites Li(1) and Li(2) in the ab-plane
as well as Li hopping perpendicular to the LiTi2-layers by
involving the Li(3) sites.
As can be clearly seen in Fig. 2(A) the slow dynamic process
revealed by 7Li SAE NMR in regime III cannot be detected by
SLRNMR in the temperature range covered. Even at temperatures
up to 500 K the corresponding T1
1 rates are mainly governed
by a non-diﬀusive background contribution. While SAE
NMR is sensitive to extremely slow Li motions, with the help
of SLR NMR much faster Li jump processes can be probed.
Here, the so-called NMR SLR rate peak is expected to show
up at much higher T. In general, the SLR NMR rates will pass
through a maximum when the mean Li jump rate t1 reaches
the order of the Larmor frequency, i.e., when t1 E 109 s1.
Similar holds true for SLRrNMRmeasurements performed in
the rotating frame of reference, i.e., at locking frequencies in
the kHz range. The corresponding peaks T1r
1 (1/T) show up
when t1E 5  105 s1, which, in the present case, is expected
to be at T> 500 K. Indeed this is found by preliminary SLRr
NMR measurements.64
Interestingly, the diﬀerent regimes observed for tSAE
are also reﬂected by the temperature dependence of ge. In the
low-temperature regime, ge(E0.65) turns out to depend only
slightly on T, while in the transition regime (II) the stretching
exponent becomes temperature dependent and increases from
0.65 to 0.82, which is the value being ﬁnally reached in
regime III. Note that preliminary SLRr NMR measurements
performed in the rotating frame of reference at locking
frequencies in the order of some kHz also point to non-
exponential motional correlation functions.64 In many cases
deviations from single exponential behaviour might be attributed
to a distribution of jump rates.20,24,51 Here, a ge value of 0.82
indicates a rather small distribution width as could be expected for
a highly ordered crystal structure with a regularly shaped potential
landscape. For comparison, amorphous materials such as glasses
in many cases reveal stretching exponents ge of 0.3 and less, which
is typical for highly heterogeneous dynamics.20,24,51,66,67
The SAE NMR decay rates tSAE
1 can be transformed
into (self-)diﬀusion coeﬃcients DSAE by using the Einstein–
Smoluchowski equation68
DSAE = a
2/(2dtSAE). (3)
Assuming three-dimensional diﬀusion (d = 3) and a jump
distance of approximately 0.29 nm, which is based on the
crystal structure reﬁnement of Kataoka et al.,58 results in
DSAE E 2  1017 m2 s1 at 433 K.
3.2 Impedance measurements
Interestingly, a very similar value for the diﬀusion coeﬃcient
can be deduced from IS measurements. In Fig. 3(A) so-called
charge diﬀusivities are shown which were obtained by converting
dc conductivity values into diﬀusion coeﬃcientsDs with the help
of the Nernst–Einstein equation.68
Ds ¼ sdckBT
Nq2
ð4Þ
where q represents the charge of the Li ions and N denotes the
number density of charge carriers. sdc was determined from the
frequency independent plateaus of the impedance spectra s0(n)
shown in Fig. 3(B). Here, the dc conductivity sdc was identiﬁed
with the real part s0 of the complex conductivity in the frequency
regime where s0 a f(n). In the present case, sdc, i.e., s0(n- 0),
could be accurately determined since the conductivity isotherms
show well-deﬁned dc plateaus which have here been identiﬁed
with a transport process in the bulk of b-Li2TiO3. At higher
frequencies n the plateaus pass over into dispersive regimes,69
which roughly follow a power law behaviour s0 = sdc + Ans. A
and s represent two ﬁtting parameters.69 In the case of three-
dimensional diﬀusion (see above) s usually ranges from 0.5 to 0.8.
Here, at T= 243 K being the lowest temperature accessible with
our equipment, s E 0.64. The drop in s0 showing up at low
frequencies and high temperatures (>400 K, Fig. 3(B)) can
simply be ascribed to polarization eﬀects of the ion-blocking
electrodes used. As an example,Ds turns out to be in the order of
1017 m2 s1 at 433 K (see Fig. 3(A) (right-hand axis)). This is
in very good agreement with the value probed by SAE NMR
(see above).
In general, the two diﬀusion coeﬃcients Ds and DSAE are
related to the macroscopic tracer diﬀusion coeﬃcient Dtr
according to Ds = Dtr/HR and DSAE = Dtr/f, i.e., DSAE/Ds =
HR/f. Here, HR denotes the Haven ratio and f is the correlation
factor reﬂecting the degree of correlated motion present. It ranges
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between 0 and 1; f=1 is obtained for uncorrelated motion. The
good agreement found between Ds and DSAE (see Fig. 3(A))
indicates thatHR/f is close to one. Note that for comparison, in
Fig. 3(A) four DSAE values have been included which were
measured at the highest temperatures of regime III (see
Fig. 2(A)). The activation energies indicated in Fig. 3(A) were
obtained by ﬁtting the data according to
Ds p exp(Ea,dc/(kBT)). (5)
In the range from 380 K to 700 K the ﬁt yields Ea,dc =
0.80(1) eV which is in perfect agreement with the value solely
deduced from SAE NMR (0.77(2) eV).70 Since sdc, and thus Ds,
is sensitive to successful ion jumps leading to macroscopic trans-
port, the good agreement of Ds with DSAE clearly demonstrates
that with SAE NMR long-range ion dynamics can be probed.
Recently, this similarity has been shown for several crystalline and
amorphous materials, respectively.8,71 Obviously, in regime III
both SAE NMR and dc-conductivity measurements are sensitive
to very similar motional correlation functions.
However, in regime II the two methods reveal signiﬁcant
diﬀerences when both the absolute values of the respective
diﬀusion coeﬃcients and the associated activation energies
(0.47 eV vs. 0.77 eV) are considered. It is noteworthy that
below 270 K the dc plateau is largely shifted towards lower
frequencies making the accurate determination of sdc diﬃcult.
On the other hand, tSAE
1 is increasingly inﬂuenced by non-
diﬀusive background eﬀects. Nevertheless, one might consider
that the low-T rates tSAE
1 determined in regime II might also
be inﬂuenced (i) by diﬀusion-induced SLR in the dipolar ﬁeld
of the 7Li spins or (ii) by short-range Li dynamics taking place
in Li2TiO3 to which sdc is not sensitive. Whilst the ﬁrst eﬀect
may be ruled out by 6Li SAE NMR measurements, the latter
inﬂuence can be examined by determining s0(n)T at frequencies
of the order of 104 to 105 s1. Indeed, when, e.g., s0(n)T is read
out at n = 104 s1 and plotted vs. the inverse temperature an
activation energy Ea,ac of only 0.37(2) eV (300–400 K) is
found. A very similar ac activation energy (0.36(2) eV) is
obtained at n = 105 s1. The corresponding power law
exponents s range from 0.55 (300 K) to 0.51 (400 K). Inter-
estingly, using a mean value %s of 0.53, in regime II the relation
Ea,ac + (1 %s)Ea,dc roughly holds72–74 when 0.80 eV is inserted
for Ea,dc.
75 One might speculate whether the diﬀusion process
of regime II reﬂects localized Li hops69 in the ab-plane, i.e.,
between the LiTi2 layers in Li2TiO3.
Finally, at this point let us compare our results with those
recently presented by Vijayakumar et al.49 having recorded
SAE NMR decay curves up to T= 365 K, that is, in regime II
only. As compared to our ﬁndings they reported an activation
energy Ea,SAE of 0.27(4) eV. The recently published data seem
to suﬀer from rather large non-diﬀusive background rates t0e
1.
Usually, this indicates a less pure sample since the background
decay rates are largely inﬂuenced by coupling of the spins to
paramagnetic impurities. Unfortunately, the low-T decay rates
have not been used to correct the diﬀusion-induced SAE
NMR rates tSAE
1 showing up above 285 K, cf. also the
correction procedure introduced by Vogel and co-workers.51
Taken together this easily leads to a smaller slope and thus
to an apparently lower activation energy than found here.
Certainly, as already pointed out by Vijayakumar et al.,49
impurities and deviations from ideal stoichiometry, in general,
are expected to lower Ea in addition. Thus, the exact defect
chemistry introduced during preparation of the samples seems
to largely inﬂuence the short-range ion dynamics on the
titanate studied.
4 Conclusions
7Li SAE NMR spectroscopy was used to measure extremely
low Li jump rates in a polycrystalline, highly pure sample of
Fig. 3 (A) Arrhenius plot of the Li solid-state diﬀusion coeﬃcients Ds (see right axis) of Li2TiO3 as derived, according to eqn (4), from the sdc
values which were measured by IS (see Sections 2.2 and 3.2 for further details).65 Note, the left axis shows the corresponding sdcT values which
were determined from the conductivity isotherms (s0(n)) shown in (B). Because ofDsp sdcT the respective Arrhenius lines are characterized by the
same slopes. Solid lines in (B) show ﬁts with appropriate power laws.
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monoclinic metatitanate Li2TiO3. Parameterizing the NMR
two-time single particle correlation functions with stretched
exponentials results in decay rates ranging from 101 to 104 s1.
Above 370 K the rates are consistent with results from
impedance spectroscopy measurements pointing to long-range
Li transport being characterized with an activation energy of
approximately 0.8 eV. In conclusion, this shows that 7Li SAE
NMR spectroscopy, being an atomic-scale method, gives
access to long-range Li transport in solids which is crucial
for the development of advanced energy storage materials
such as electrodes and electrolytes. Interestingly, at lower
temperatures a jump process with an activation energy of only
0.47 eV shows up which might be ascribed to Li jump
processes taking place on a shorter length scale. These might
also involve Li jumps within the ab-plane of monoclinic
Li2TiO3.
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